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(71) We, Haveg Industries, Inc., a 
Corporation of the State of Delaware, United 
States of America, located at 900 Grccnbank 
Road, Wilmington, Delaware 19808, United 
5 States of America, do hereby declare the in- 
vention, for which we pray that a patent may 
be granted to us and the method by which it 
is to be performed, to be particularly described 
in and by the following statement: — 
10 This invention relates to a metal artide 
having a mixed crystalline-glass glass coating 
and to a mediod of produdng the same. 

Glass or vitreous enamd coatings are fre- 
quently applied to metal articles, such as steel, 
15 to prevent corrosion of the metal base. In the 
normal gjlass coating procedure the glass frit, 
along vrith a mill addition, is applied to the 
surface of the stcd in the form of a slip or 
slurry. After drying of the slip, the coated 
20 artide is heated or fired at an devated tem- 
perature, generally in the range of 1500 to 
1800°F, to fuse the glass. 

Silica is the major constituent in most 
common glasses and when the glass coated 
25 article is exposed in service to highly corrosive 
media, a high silica content, in the range of 
70 to 85% by weighty is desired because the 
silica itKreases the resistance of the glass to 
chemical attack. 
30 It is also recognized that a devitrified glass 
has good impact and shock resistance as well 
as toughness, but, in general, devitrified glass 
lad^s corrosion resistance due to the fact that 
the devitrified partidcs arc composed 
35 primarily of silica and the amorphous glass 
matrix, bang depleted of silica, has a low 
resistance to corrosive attad^ 

In the past it has been proposed to combine 
a hig^-silica corrosion resistance glass frit with 
40 a devitrifiable glass frit in an attempt to pro- 
duce a glass coaling having good impact resist- 
ance along with good corrosion resistance. In 



a process of this type, the common procedure 
has been to mill the corrosion resistant glass 
frit and the devitrifiable glass frit together and 45 
apply the mixed frit to the metal article. 
After firing of the coated article to fuse the 
glass, the ^ass coated article is then subjected 
to a further heat treatment at a temperature 
beneath the firing temperature to develop tlie 50 
devitrified partides. As a result of this final 
heat treatment, a three phase system is pro- 
duccd consisting of (i) the amorphous glass 
matrix of the devitrifiable glass which matrix 
is depleted of silica by removal of the devitri- 55 
ficd partides, (ii) the devitrified particles, and 
(iii) the corrosion resistant glass. As the 
amorphous glass matrix, which is depleted of 
silica, has poor corrosion resistance, this pro- 
vides a weak link in the corrosion resistance of 60 
the coating. 

It has also been proposed in the past to 
separately coat a metal article with both a 
devitrifiable glass and a corrosion resistant 
glass. In United States Patent No. 3,361,588, 65 
a process of this type is disclosed in which the 
steel is initially coated with a devitrifiable glass 
which is subsequently devitrified by heat treat- 
ment. Following tihis, a corrosion resistant 
glass frit is ap{Sied to the devitrified glass 70 
and subscqucndy fired. However, a process of 
that type requires two separate heat treatments 
of the metal artide or vessel whidi increases the 
overall cost of the process. 

According to the present invention there is 75 
provided a coated metal ardde comprising a 
base of ferrous metal or other metal having a 
coeffident of thermal expansion similar to diat 
of steel, and a frit composition disposed on a 
surface of the base and comprising a mixture 80 
of (a) up to 60% by wdght of a devitrified 
glass frit composed of an amorphous glass 
matrix and containing devitrified crystalline 
particles, and (b) at least 40% by weight of a 
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corrosu>n rcsistnni ^sIjiss fril ci>iMitining 63 — 
KO /. by wcii<ht of silica, siiid frit uuufHisition 
being Mich ihui whrn Mihsi\|iicnlly lircd to 
fiwc ihe cuiiipi>siiii>n to the inctal» said nmnr- 

5 phcms glass malrix will at least porlially dis- 
wlvc & said corrosion rcsisuuu glass frii 
during said firing. 

The invention also provides a method of 
coaling an enicic of fcm^us metal or olhcr 

10 mcta! having u cocllicicnt of thermal expan- 
sion similar to that of steel, which comprises 
dcvitrifying a dcviiriliablc glass frit lo pro- 
duce a dcviirilicd frii compi)scd of on amor- 
phous glass matrix and dcvitrilicd cryMallinc 

15 panicles dispersed witlun said matrix, mixing 
up to by weight of said dcviiriticd g}ass 
fril with at least 40"^. by weight of a a>rro- 
sion re*tisiant glass frit containing 63 — 80"/, by 
weight of silica lo provide a frit mixture, 

20 applying said fril mixture to ihe metal article, 
and firing said article at a icmpcrature sufli- 
cicntly high to fuse said frit to said nrictal 
article, so that said amorphous glass matrix at 
least partially dissolves in said corrosion resist- 

25 ant glass frit during said firing. 

The present invention is directed to the pro- 
duction of a coated metal article on which 
the resulting crystalline-glass coating not only 
has improved impart resistance and toughness 

50 but also has excellent resistance to corrosive 
attack. A dcvittifiable glass frit is initially dry 
milled and subsequendy heat treated at an ele- 



vated temperature and for u sulHcicnt period 
of time to subsianiiHlly fully dcviirify the 
dcvitriJiabIc pt)rtion of the frit. The devilrih- 
calioii results in the development nf minute 
silicate crystals in u muirix of amorphous glass. 
Tollowing dtc devitrification, the deviirificd 
frit is wcl milled with a conventional corrosion 
resistant glass frit awtnining 63 — R0/„ by 
weight of silica. The milled slurry is applied 
to the metal article and after drying, the 
article is fired at an elevated temperature for 
a period of time suflicienl to fuse the glass. 

The devirrifiuble frit is a conventional glass 
frit capable lo dcvitrifying during heal ircai- 
incnt. The dcviTriKablc frit may have the fol- 
lowing composition in weight percent; 



Li.O 

A1,0, 

SiO, 

Na,0 

MgO 

CeO, 

TiOs 

ZrO, 

PbO 

ao 



1—23% 
0-30% 
60— 80% 
0-5% 
0—5% 
0—10% 
0-5% 
0—5% 
0—5%. 
0-10% 



35 



40 



45 



SO 



55 



Specific examples of frits capable of dcvitri- 
fying and falling within the above range of 60 
composition arc as follows in weight percent : 





1 


2 


3 


Li,0 


15.0 


1.5 


8.0 


AljO;, 


25.0 




2.0 


SiOn 


60.0 


75.0 


75.0 


Xa^O 




5,0 




MgO 




3.0 


3.0 


CcO. 




8.5 




TiO, 






3.0 


ZrO, 




3.0 




PbO 




4.0 




CaO 






9.0 
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The dcvitrifiablc frit is initially dry milled 
by conventional milling equipment. The 
particle size of the milled frit is not critical, 
but is generally less than 35 mesh U.S. stand- 

5 aid sieves. 

Following the milling, the frit is heated to 
an elevated temperature for a period of time 
sufficient to substantially fully devitrify the 
dcvitrifiablc portion of tfie frit. The specific 

10 temperatures and times involved in the devitri- 
fication depend on the composition of the frit, 
but generally the temperatures will be in the 
range of lOOCP to 1600^F and the time 
employed at tills temperature is usually in the 

15 range of 1 to 2 hours. During this heat treat- 
ment, silicate particles crystallize out of the 
amorphous glass matrix. It is desired to 
crystallize or devitrify the whole of the devitri- 
fiable portion of the frit, and in most cases, 

20 the crystals, after devitrification, comprise at 
least 50%, and in most cases from 60 to 83%, 
by weight of the dcvitrified frit. 

The devitrified oystals have a size less than 
10 microns and in most instances have a 



particle size in the range of 0.1 to 2.0 miaons. 

Following the devitrification, the devitrified 
frit is wee milled with a corrosion resistant 
g^ass frk containing 63 — 80% by wcipht of 
silica. The corrosion resistant glass fnt may 
have the following formulation in weight per- 
cent: 



SiOa 

TiOs 

ZrO» 

CaO 

U2O 

NaaO 

K2O 

MgO 

Fa 

CoO 

MnO 

NiO 



63—80% 
0-2% 
0-8% 

0- 2% 

1- 5% 
&-17% 
0-7% 

0-2% 

0-3% 

0—1.25% 

0—1.50% 

0-1.50% 



25 



30 



35 



40 



Specific eramples of conosion resistant frits 
falling within the above range of composition 
are as follows in weight percent : 



45 





I 


2 


3 


SiO. 


72.5 


73.5 


75.0 


TiO^ 


1.0 






ZrOa 


4.0 


5.5 


4.5 


CaO 


1,0 


2.0 


1.5 


LijO 


2.5 


3.0 


3.0 


Na^O 


13.5 


14.0 


12,5 


K-O 


2.0 




1.0 


MgO 


1.0 




1.0 


Fa 




2.0 




CoO 


0.5 




0.5 


MnO 


1.0 




0.5 


NiO 


1.0 




0.5 



In most cases the corrosion zesistant glass 
frit is a non-devitrifiablc frit, but this is not 

50 essential, and the corrosion resistant frit may 
devitrify to some extent. Even if the corro- 
sion resistant frit is capable of dcvitrifying, it 
will not devitrify during the firing period be- 
cause the metal article is not held at the firing 

55 temperature for a sufiicicnt period of time to 
enable a dcvitrifiablc corrosion resistant frit to 
devitrify. 



Mill additions axe normally added to the 
glass frit and are of oonventioiial types: they 
may be sodium nitrite;, sodium alumioatc or a 60 
clay, such as bentonite. 

The dcvitrifiablc frit constitutes up to 60% 
by wei^t of the dry frit mixture and is prefer- 
ably from 20 to 50% of the dry mixture. 

The devitrifiable frit and the corrosion 65 
resistant glass frit are preferably wet milled as 
a water suspension. However, in some cases 
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15 



20 



25 



30 



35 



40 



45 



50 
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60 



the two frits can be dry iiiillcU iiml Mih- 
Bcqunnly applied !•> ihc meiul HriicU- as a 
dry dust coaling. Tfic parliclr si;cc of the 
milled frit nuxturi* \s iu>i iriiical and follows 
convcniional cnaincllinjj icdiniqiiL^. (JctuT- 
a!!y, up lo 85 /. by wciglu of tlic milUU fni 
pariiclw will pas; through Ji 2l)() mesh 
standard sieve. 

The wci milled frit inix'urc can be applied 
lo the metal base by any conventional tech- 
nique, for cxomplc» by spraying, dipping, 
slushing, or bnishinp. After application n» the 
metal base, the coating is dried to evaporate 
ihc water. 

The racial base can be steel or any other 
mcral having a cocllicicnt of thcrmjl expansion 
similar to siccl. More spccilically, the metal 
base call be carbon steel such as SAH 1010 — 
1030, stainless sted, or ;hc materials sold 
under the registered trade marks. Inconel and 
Hflstalloy C— 276. 

The glass coaled metal base is preferably 
lia'd at a tanpcralurc in the range of 1400^ lo 
lyOC^F, and usually in the range of 1500'^ to 
1600°F, for a period of 5 to 15 minutes fo 
fuse the glass to the metal. During the firing, 
the amorphous glass matrix of the dcviiriflablc 
frit at least partially dissolves in the corrosion 
resistant glass so rhar the silica-depletcd amor- 
phous glass matrix is subtantially eliminated in 
the resulting glass coating. After firing, the 
coating i» composed of dc vitrified cry-sials and 
a blend of the corrosion resistant glass and the 
glass matrix of the dcvitrifiablc frit. As the 
glass matrix of the dcvitrifiablc frit is not pre- 
sent as a separate phase in ihc final product, 
the corrosion resistance of the glass coaling is 
substantially improved, and yet the presence 
of the dcvitrificd particles improves the 
thermal shock resistance as well as the tough- 
ness of the glass coating. 

Dcvitrifying the dcvitrifiablc glaa frit prior 
to applying the frit to the mcta! article enables 
a wider range of heat treatment to be 
employed in the devitrification operation. If 
the frit was to be dcvitrificd on the metal 
article after firing, the range of heat ircaimcm 
would be Umired, for it is not feasible to heat 
treat some metal parts for long periods with- 
out warping. 

A further disadvanuge of prior art pro- 
cesses in which devitrification was carried on 
after application of the glass to the metal 
article or vessel is that some portions of the 
vessel will heat differently from other poniotis 
with the result that varying degrees of devitri- 
fication of the glass will be obtained, thereby 
resulting in varying ph>'sical properties in the 
glass coating. This problem is eliminated by 
the present invention, since the frit is devinri- 
ficd in bulk before being applied to the vessel, 
so that the vessel is not subjeaed to the pro- 
longed dcvitrificadon heat treatment. 

By subjecting the frit in bulk to the devitri- 



licaiion heat trcaimait, it is also possible to 
ii\c m(»rr refractory frit compositions contain- 
ing higher proportions of silica and hoving 
higlicr devil rihcntiim temperatures. High 
silica content refractory compositions cannot 
be used if the deviirilicaiion is carried on after 
the frit is applied to the vessel, for prolonged 
healing at the high dcvitrifying tempcralure 
may advencly eJfea the physical properties of 
the vessel. 

Spccilic examples of the process of the in- 
vention will now be given. 

HxAMftn No. 1 
A dcvitrifiablc frit was prepared having the 
following composition in weight percent: 



LiO 
AI.O, 
SiO. 
MgO 

rio, 

CaO 



8.0 
2.0 
75.0 
3.0 
3.0 
9.0 



The frit was milled and heated in bulk to a 
icmperaiurc of 1350^F and held at this tem- 
perature for a period of one and one-half 
hours to devitrify the frit. Following devitri- 
fication, the frit was air cooled to temperature. 

40 pans of the dcvitrificd frit were milled 
with 60 parts of a corrosion resistant glass 
frit together with a mill addition, which con- 
sisted of 3 pans clay. 0.2 pan of colloidal 
aluminium oxide, 0.1 part of sodium alumin- 
aic. and 43 pans of water. 

The corrosion resistant plass frit had the 
following composition in weight percent: 



SiO, 

T1O2 

ZrO, 

CaO 

Li.O 

Na,0 

K=d 

MgO 

CoO 

MnO 

NiO 



72.5 
1.0 
4.0 
1.0 
2.5 

13.5 
2.0 
1.0 
0.5 
1.0 
1.0 



65 



70 



75 



80 



b5 



90 



95 



100 



105 



In the wet milling procedure, the dcvitrificd 1 10 
frit and mill additiorjs were initially melted 
for one hour and then the corrosion resistant 
frit was added and the milling was continued 
for an additional one and one-half hours. 
After milling the frit mixture had a particle 115 
size such that Jess than 3% was retained on 
a 200 mesh U.S. standard sieve. 

The milled slip was then sprayed onto the 
ground coated surface of a low carbon steel 
plate and dried under infrared lamps. 120 

After drying the coated plate was fired at a 
temperature of 1540°F for 9 minutes. 

The resulting coated steel plate had good 



5 
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impact and shodc resistance as well as 
excellent corrosion resistance. 

Example No. 2 
A devitrifiable frit was prepared having the 
following composition in weight percent : 



10 



15 



20 



AlaO, 

MgO 
TiO- 
CaO 



8.0 
2.0 
75.2 
3.0 
3.0 
9.0 



The frit was milled and heated in bulk to a 
temperature of 1550°F and held at this tem- 
perature for a period of one and one-half houre 
to devitrify the frit. Following devitrification, 
the frit was air cooled to room temperature. 

30 parts of the dcvitrificd frit were milled 
with 70 parts of a corrosion resistant glass frit, 
a mill addition, which consisted of 3 parts of 
day, 0.2 parts of colloidal aluminiimi oxide, 
0.1 part of sodium aluminate, and 43 parts 
water. 

The corrosion re^stamt glass frit had the fol- 
lowing composition in weight percent: 



25 



30 



S5 



40 



45 



50 
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ZxOt 

CaO 

LiaO 

Na,0 

F. 



73.5 
5.5 
2.0 
3.0 

14.0 
2.0 



In the wet milling procedure, the dcvitrificd 
frit and mill additions were initially mdted 
for one hour and then the corrosion resistant 
frit was added and the milling was continued 
for an addirional one and one-half hours. After 
milling the frit mixture had a partide size 
such that less than 3% was retained on a 200 
mesh U.S. standard sieve. 

The milled slip was then sprayed onto the 
ground coated surface of a low carbon steel 
plate and dried under infrared lamps. 

The resulting crystalline-glass coated steel 
plate bad good impact and shock resistance as 
wdl as exoellent corrosion resistance. 

WHAT WE CLAIM IS : — 

1. A coated metal ardde comprising a base 
of ferrous metal or other metal having a coeflS- 
dent of thermal expansion similar to that of 
steel, and a frit composition disposed on a 
surface of the base and comprising a mixture 
of (a) up to 60% by weight of a devitrified 
glass frit composed of an amorphous glass 
matrix containing devitrified crystalline parti- 
cles, and (b) at least 40% by weight of a 
corrosion resistant glass frit containing 63 — 
80% by weight of silica, said frit composition 
bdng such that when subsequently fired to fuse 
the composition to the metal, said amorphous 



glass matrix will at least partially dissolve in 
said corrosion resistant glass frit during said 60 
firing. 

2. A coated metal article as daimed in 
daim 1 wherein said devitrified glass frit com- 
prises from 20 to 50% by wd^t of said frit 
composition. 65 

3. A coated metal ardde as daimed in 
dther of the preceding claims wherein said 
devitrified particles comprise 60 — 85% by 
weight of said devitrified glass frit. 

4. An article as claim^ in daim 3, where- 70 
in said crystalline particles have a particle 
size in the range of 0.1 to 2.0 microns. 

5. A coated metal article comprising a base 
of ferrous metal or other metal having a 
coeffident of thermal expansion similar to that 75 
of sted, and a fused frit composition disposed 

on a surface of said base, the frit composition 
comprising a mixture of (a) up to 60yo by 
wei^t of a devitrified glass frit composed of 
an amorphous glass matrix having dispersed 80 
therein finely divided devitrified crystalline 
particles which comprise at least 50% of the 
weight of said devitrified gloss frit, and (b) 
at least 40% by weight of a corrosion resistant 
^ass frit containmg 63 — 80% by weight of 85 
silica, said amorphous glass matrix having at 
least partially dissolved in said corrosion resist- 
ant glass frit during firing. 

6. A method of coating an article of 
ferrous metal on other metal having a coeffi- 90 
dent of thermal expansion similar to that of 
sted, which comprises devitrifying a devitrifi- 
able glass frit to produce a devitrified frit com- 
posed of an amorphous glass matrix and 
devitrified oystalline particles dispersed within ^ 
said matrix, mixing up to 60% by wdght of 
said devitrified glass frit with at least 40% by 
weight of a corrosion resistant g^ass frit con- 
taining 63 — 80% by weight of silica to provide 
a frit mixture, applying said frit mixture to the 100 
metal article and firing said article at a tem- 
paramre sufficiently high to fuse said frit to 
said metal article, so that said amorphous glass 
matrix at least partially dissolves in said com>- 
sion resistant glass frit during said firing. |05 

7. The method daimed in claim 6, where- 
in said devitrifiable glass frit is devitrified by 
heating to a temperature of 1000° to 1600°F 
for 1 to 2 hours. 

8. The method claimed in dther of claims 110 
6 or 7, wherein said dcvitrificd frit comprises 
from 20 to 50% by wdght of said frit mixture, 

9. The method claimed in any of dairas 
6 to 8, wherein said mixing is accomplished by 
milling said frits together, the milled mlxnire 115 
having a parade size such that at least 85% 
by weight of said panicles pass through a 200 
mesh U.S. standard sieve. 

10. The method daimed in any of claims 
6 — ^9, wherdn said milled mixture is applied 120 
to said article in the form of a water slurry. 

11. The method claimed in any of claims 



6 



f, — 10, including the step of drying off ilir 
wnicr after opplicaiion i<> bnid orticic and 
before liring. 

12. The method duimcU in any of claim* 
6 u> 11, whcicin said coated metal atticic n 
fired at n icmperniurc In the range of 1400^ 
to 1700"K 

13. The method claimed in any of claims 



6 to 12, wherein said nrlJcIe U a steel article. 

14. A meihtxl of conung an article accord- 
ing to claim 6 and stihstaiti tally as described 
in Kxnmplc 1 or 2 lierdii. 

RKDDIE & GROSH, 
Agents for the Applicants, 
6 Bream's Huildings, 
London. E.C.4. 
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